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In  recent  years  there  is  a  great  interest  to  transient  phenomena  in  multilevel  systems. 
Such  transient  phenomena  both  atom  wave  packet  coherent  scattering  and  coherent  popu¬ 
lation  transfer  in  the  atom  systems  have  many  applications  both  in  the  area  of  sub-doppler 
laser  cooling  and  for  creation  of  the  very  efficient  atom  wave  packet  beam  splitter  [1]. 
We  have  to  point  out  that  the  method  of  population  transfer  from  one  of  lower  levels  of 
atom  system  to  other  one  has  been  demonstrated  in  [2]  at  the  first  time.  Its  applications 
to  atom  interferometry  [3]  and  laser  cooling  below  temperature  of  photon  recoil  [4]  have 
been  proposed. 

The  basic  problem  for  these  applications  is  the  efficiency  of  the  coherent  population 
transfer.  It  is  known  [2],  that  for  three-level  A-atom  (Fig. la)  the  efficiency  of  such  transfer 
is  determined  by  the  relation  between  the  amplitudes  of  time-delayed  laser  pulses  fli  2 
with  frequencies  u;it2  and  time  delay  rrf 

Do >  1,  (1) 

where  detunings  of  laser  waves  are  equal  to  zero  and  we  assume  that  both  laser  pulses 
have  the  Gaussian  shapes  with  the  same  amplitudes  equal  to  fi0  (Fig. la).  When  the 
relation  (1)  is  valid,  the  efficiency  of  population  transfer  closes  in  100  per  cents  and  in 
a  result  all  population  can  be  transfered  from  the  level  |1)  to  the  level  |2)  of  A-atom. 
It,  is  important,  that  such  population  transfer  occurs  without  populating  of  the  excited 
state  |3)  during  of  laser  pulse  action.  The  such  coherent  transfer  (when  the  condition 
(1)  is  valid)  is  called  the  stimulated  Raman  adiabatic  passage  (STIRAP)  and  the  ideal 
STIRAP  process  is  a  coherent  one.  Note  also  that  the  efficiency  of  such  process  as 
STIRAP  depends  only  weakly  on  the  shape  of  laser  pulses  (that  is  why  it  does  not 
matter  what  kind  of  pulse  shapes  there  are  in  (Fig. la)).  The  different  types  of  the  laser 
i  pulse  shapes  as  well  as  non- adiabatic  regimes  for  these  pulses  studied  in  [5]. 

On  the  other  hand,  there  are  a  few  works  [6],  where  STIRAP  in  the  multilevel 
atom  systems  has  considered.  However,  up  to  now  the  coherent  population  transfer  is 
not  considered  for  atom  systems  with  closed  countour  of  interaction  [7,8].  The  simplest 
closed  atom  system,  with  the  interaction  contour  closed  only  by  optical  fields  is  double 
A-system  (Fig-lb).  The  such  atom  system  was  investigated  in  the  context  both  laser 
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cooling  [7]  and  four  wave  mixing  [8].  1  In  the  this  cases  the  efficiency  (e.g.  laser  cooling) 
has  depended  on  the  phases  of  exciting  waves  [7,8]  and  we  can  look  forward  that  the 
same  phase  dependence  occurs  for  the  coherent  population  transfer  in  multilevel  atom 
systems  with  closed  interaction  contour. 

In  this  paper  we  investigate  the  coherent  population  transfer  in  the  double  A-system 
(Pig. Vb)  with  the  closed  contour  of  interaction  between  optical  waves  and  atomic  transi¬ 
tions.  We  will  show  below  that  the  efficiency  of  the  coherent  population  transfer  in  the 
double  A-system  dependes  on  the  phase  of  atom  contour.  Thus,  for  the  zero-phase  value 
the  efficiency  of  the  coherent  population  transfer  is  close  to  STIRAP  for  three-level  atom 
system.  At  the  same  time,  the  coherent  population  transfer  efficiency  is  equal  to  2ero  for 
the  phase  value  equal  to  x.  As  a  result,  the  atomic  population  is  not  transfered  from  one 
of  the  lower  levels  of  double  A-system  to  other  one  even  if  the  usual  adiabatic  condition 
as  (1)  is  valid.  We  will  show  also  that  for  the  case  of  the  double  A-system  the  adiabatic 
condition  like  (1)  which  determines  the  coherent  population  transfer  efficiency,  has  to  be 
supplemented  by  the  condition  on  the  phase  value  of  the  closed  interaction  contour. 

Let  us  now  consider  the  double  A-atom  system,  excited  by  an  optical  field  of  four 
running  waves  with  different  frequencies  um  (m=l-4) 

E  =  E0[ei  exp(-{4  -  Ti)2/^TZ)[exp(iw1t  4-  i*i)  +  exp(iu3t  +  i'x3)] 

+e2  exp(-(t  -  T2)2/<5r2)[exp(ztj2f  +  i*2)  +  exp(z'm4t  +  ijf4)]]  +  c.c., T2  -  T2  =  rd,  (2) 

where  ei)2  are  the  polarization  vectors,  Xm  are  initial  phases  and  Eo  is  the  amplitude 
of  laser  waves  (m=I-4).  We  shall  assume  also  that  the  transitions  1-n  (1=1,2;  n=3,4) 
forming  the  closed  interaction  contour  (which  chaxactere)  are  electric  dipole  transitions, 
while  the  traditions  |1)-|2)  and  |3)-[4)  are  forbidden  in  the  dipole  aproximation  (Pig-1) 
and  that  the  spontaneous  relaxation  in  such  system  is  absent  as  well. 

Now  we  will  consider  double  A-atom  interacts  with  two  time-delayed  laser  pulses, 
which  have  Gaussian  shape,  and  each  of  this  pulses  consists  of  two-frequent  optical  waves 
with  frequencies  coli3  and  <u2i4  (Fig.la). 

We  have  specially  to  stress,  that  both  double  A  atom  systems,  which  is  shown  in 
Fig.  lb,  is  equivalent  and  the  results  which  will  be  obtained  below  axe  valid  for  both  atom 
level  systems. 

To  investigate  the  coherent  population  transfer  problem  in  double  A-  system  by  in- 
teraction  with  the  field  of  light  waves  (2)  in  the  condition  of  multifrequent  resonance 
u>j  -  u2  =  uz  —  w4,  we  write  immediately  the  system  for  time-depended  amplitudes  of 
probabilities  am(p)  for  the  states  of  atom  system  as  [8] 

i-rg-  =  fti(*)lfl3  +  a4exp(-z$)], 

1  Recently  experiments  on  investigation  of  four  wave  mixing  in  sodium  vapor  cell  have  been  performed 
by  group  of  Dr.  P.Hemmer  from  Rome  Laboratory.  It  has  been  shown  in  these  experiments  that 
generation  of  a  phase-conjugate  wave  takes  place  at  large  detuning  of  a  pumping  wave  from  the  resonant 
transition  in  a  double  A  system  of  atomic  levels  only  (so  called  case  of  Raman  interaction).  Moreover, 
the  experiments  demonstrated  high  efficiency  of  such  Raman  interaction  for  generation  of  the  conjugate 
wave  with  low  intensities  of  the  exciting  waves  [9],  that  indicates  realization  of  new  type  of  Raman  laser 
[10]. 
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=  ^(t)^  +  O^])  (3) 

i——  =  fli(i)ai  4-  f la  (^)<z27 
at 

=  fti(*)ai  exp(z$)  +  n2(i)a2, 
at 

where 

^1.2  =  Ooexp(-(t  -  Ti,2)2/<5t2) 


are  the  time-depended  Rabi  frequencies  with  amplitudes  which  we  will  assume  the  same 
for  all  transitions  in  double  A  systemj  $  is  the  common  phase  of  atom  contour.  In  the 
simplest  case  $  is  determined  by  initial  phases  of  laser  waves  by  $  =  xi  ~  X2  +  X*  -  X3- 
We  assume  also  that  for  all  laser  waves  the  detunings  are  equal  to  zero. 

Having  solved  the  equations  (3)  numerically,  we  have  obtained  the  time  dependence 
of  the  populations  of  double  A-states.  Thus,  Fig. 2a  shows  one  the  coherent  population 
transfer  for  the  case  when  the  value  of  the  atom  contour  phase  bf<&  is  equal  to  zero. 
Initially,  only  the  level  |1)  of  double  A-system  was  populated  and  adiabatic  condition 
like  (1)  is  valid. 

As  can  be  seen  from  Fig-2a,  the  efficiency  of  coherent  population  transfer  is  very 
high  and  all  population  from  low  state  [1)  to  other  low  state  |2)  of  the  double  A-system 
is  transfered  during  time  period  of  the  laser  pulse  action.  The  such  behaviour  of  the 
population  is  very  close  to  the  STIRAP  case  in  the  three- level  atom  system  [  ].  Note 
also,  that  in  this  case  the  populations  of  the  upper  states  |3)  and  |4)  are  equal  to  zero 
during  of  the  action  of  laser  pulses  and  such  coherent  population  transfer  can  be  assumed 
as  actually  STIRAP  process.  The  efficiency  of  the  coherent  population  transfer  is  high 
again  if  the  phase  value  equal  to  7T /2  but  the  upper  states  of  double  A-system  already 
are  populated.  (Fig.2b).  At  last,  Fig.  2c  demonstrates  the  time-dependence  of  the 
populations  of  the  double  A  states  for  the  phase  value  equal  to  7r.  In  this  case,  the 
population  is  not  transfered  from  the  level  |1)  to  the  level  |2).  In  other  words  the  efficiency 
of  coherent  population  transfer  is  always  equal  to  zero  for  $  =  7 r. 

The  dependence  of  the  coherent  population  transfer  efficiency  on  the  atom  contour 
total  phase  $  is  shown  in  Fig.3  (condition  similar  to  (1)  is  valid).  The  variation  of 
the  phase  $  demonstrates  the  change  of  the  coherent  transfer  character.  So,  for  the 
phase  values  of  atom  contour  differ  from  tt( 2n  + 1)  we  observe  high  efficiency  of  coherent 
population  transfer  because,  as  one  can  be  see  from  Fig.3,  the  population  of  level  |2) 
is  close  to  one  after  action  of  laser  pulses.  Note,  that  initially  the  state  |2)  of  double 
A-system  is  not  populated  while  the  all  population  of  atom  system  are  grouped  on  the 
state  |1).  At  the  same  time,  for  $dcst  =  7r(2n  +  1),  ( n  =  0, 1, 2, ..)  the  level  |2)  of  double 
A-system  is  not  populated  for  any  Rabi  frequencies  of  laser  waves.  It  means  that  the 
coherent  transfer  efficiency  is  equal  to  2ero.  Such  behaviour  of  the  coherent  population 
transfer  is  conditioned  by  the  destruction  of  coherency  between  the  lower  states  |1)  and 
|2)  of  double  A  atom  (Fig.  lb)  for  the  atom  contouT  phase  $  =  $deat  analogous  to 
the  manifestation  of  the  coherent  population  trapping  in  the  same  atom  system  [7].  If 
now  the  Rabi  frequency  is  increasing,  the  phase  area  where  the  efficiency  of  coherent 
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transfer  is  high  increases  as  well.  However,  for  the  phase  value  $ the  efficiency  of  the 
coherent  transfer  is  always  equal  to  zero  despite  to  the  fact  that  the  adiabatic  condition 

(1)  is  valid  for  considered  values  of  the  Rabi  frequency.  This  suggests  that  in  the  case  of 
double  A-system  the  abiabatic  condition  (1)  has  to  be  supplemented  by  the  dependence 
on  the  atom  contour  phase  As  a  result  the  new  condition  for  the  high  efficiency  of 
population  transfer  in  the  case  of  double  A-system  can  be  written  as 

no7jcos2[$/2]  >  1,  (4) 

As  can  be  seen  from  (4),  the  condition  of  high  efficiency  of  coherent  population  transfer 
as  (1)  occurs  when  the  phase  value  differs  from  $deat-  For  the  phase  value  such 
condition  (as  (1))  is  never  carried  out  (Fig. 3). 
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Fig.  la  Coherent  population  transfer  in  three- level  atom  system  (1)  and  in  double 
A-systern  (2)  for  the  phase  value  is  not  equal  to  t.  The  first  light  pulse  consists  of  laser 
waves  with  frequencies  for  double  A-system  (or  have  laser  frequency  u>i  for  three- 
level  atom  system),  while  the  second  light  pulse  has  the  frequencies  u>2,uu  (or  only  u>2 
for  A  system).  fi0  is  Rabi  frequency  amplitude  which  is  the  same  for  both  light  pulses, 
id-delayed  time  between  laser  pulses. 
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Fig. lb  Two  type  of  double  A-atom  systems. 
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Fig.2a  Time  depended  populations  of  double  A-afcom  states  for  the  phase  value  of 
atom  contour  equal  to  zero  ($  =  0).  Laser  pulses  have  the  Gaussian  shapes  with  6t  =  10 
which  are  centred  on  T i  =  40,  T2  =  30  while  rd  =  10  (all  times  in  arbitrary  units).  The 
amplitude  fi0  of  time-depented  Rabi  frequency  is  equal  to  S20  =  hMHz.  As  we  can  see 
in  this  case  the  efficient  coherent  population  transfer  is  observed. 
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Fig. 2c  Time- depended  populations  of  double  A-atom  states  for  the  phase  value  of 
atom  contour  equal  to  i  ($  =  ir).  For  this  value  of  phase  contour  the  population 
transfer  between  lower  states  of  double  A-atom  system  does  not  observe  at  all. 


